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Signal  transducer  and  activator  of  transcription  3  (STAT3)  has  been  implicated  in 
many  processes  including  development,  differentiation,  immune  function,  proliferation, 
survival  and  epithelial  to  mesenchymal  transition  (EMT)  (1-4).  In  addition,  constitutive 
activation  of  STAT3  has  been  reported  in  many  cancers,  including  prostate  cancer. 
Different  studies  in  prostate  tissues  indicated  that  STAT3  activity  was  high  in  prostate 
carcinomas  as  compared  to  normal  prostate  tissues.  Some  of  the  studies  suggest  that 
STAT3  activation  happens  early  and  persists  through  prostate  cancer  progression  and 
others  suggest  that  STAT3  is  activated  only  in  prostate  cancer  tissues  and  the  activation 
levels  of  STAT3  positively  correlate  with  malignancy  of  tumors  and  increased  Gleason 
scores  (3,  5,  6).  Although  these  studies  have  led  to  different  conclusions  about  STAT3 
activation  in  early  prostate  cancer,  they  all  agree  that  STAT3  activation  is  elevated  in 
malignant  tumors  as  compared  to  normal  prostate  tissues.  In  addition,  analysis  of  the 
three  well-characterized  prostate  cancer  lines  DU  145,  PC3,  and  LnCAP  indicated  that 
STAT3  is  activated  in  all  three  of  these  cell  lines.  DU145  had  the  highest  levels  and 
LnCAP  (the  least  malignant  of  the  three)  had  the  lowest  levels  of  STAT3  activation. 
Preliminary  data  from  our  laboratory  suggests  that  STAT3-C  expression  increases 
invasiveness  in  a  mouse  keratinocyte  system.  During  EMT  many  proteases  are 
upregulated  and  cell  adhesion  molecule  expression  is  altered  to  allow  for  more  invasive 
phenotypes  (7-10).  In  this  proposal,  we  will  study  the  role  of  STAT3  activation  during 
prostate  cancer  progression.  Collectively,  the  above  pieces  of  evidence  combined  with 
the  fact  that  STAT3  activation  appears  to  be  involved  in  EMT  and  has  been  linked  to 
increased  MMP-7  and  MT1-MMP  expression  in  prostate  cancer  cells  gave  rise  to  our 
hypothesis  that: 

STAT-3  activation  regulates  the  expression  of  genes  involved  in  EMT,  including 
matrix  metalloproteinases  (MMPs),  leading  to  increased  invasive  and  metastatic 
potential  in  prostate  cancer. 

The  expected  results  are  that  overexpression  of  STAT3-C  will  result  in  EMT,  leading  to 
increased  MMP  expression,  and  finally,  resulting  in  increased  invasiveness  and 
metastasis  in  vivo  and  in  vitro. 
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Body,  Key  Research  Accomplishments,  Reportable  Outcomes,  and  Conclusion: 

The  following  progress  was  made  in  support  of  Task  la  and  b. 

Task  1:  Determine  whether  over-expression  of  activated  STAT3  (STAT3c)  in  LnCap 
cells  stimulates  EMT. 

LnCap  cells  were  stably  transfected  using  a  CMV-STAT3c  vector,  [Murine  Stat3  was 
cloned  into  RcCMV-Neo  (InVitrogen)  tagged  at  the  3'  end  with  a  FLAG  epitope.  The 
Stat3-C  construct  was  made  by  site-directed  mutagenesis  (Quick-Change  by  Promega) 
using  primer  pairs  5'-GCTATAAGATCATGGATACCCATCCTGGTGTCTCC].  We 
were  able  to  obtain  five  clones,  which  were  then  characterized.  Western  blot  analysis 
was  performed  on  cell  lysates  prepared  from  each  clone  as  well  as  the  parental  LNCaP 
line  to  evaluate  the  expression  of  total  STAT3  protein  and  to  confirm  the  presence  of  the 
Flag  tag.  As  shown  in  Figure  1,  although  a  few  of  the  clones  appeared  to  have  an 
increase  in  expression  of  total  Stat3  protein  only  one  of  the  clones  was  positive  for 
expression  of  the  flag  tag  indicating  successful  transfection  of  the  entire  STAT3c  vector. 
Further  characterization  was  performed  on  the  positive  clone,  hereafter  referred  to  as 
LNCaP-  STAT3C. 

Western  blot  analysis  was  performed  on  cell  lysates  prepared  from  cell  cultures  at 
confluency  to  examine  the  expression  of  several  proteins  that  have  been  shown  to  be 
critical  to  cell  proliferation,  migration  and  anchorage.  The  results  of  these  experiments 
are  shown  in  Figure  2.  There  were  no  significant  alterations  in  the  expression  of  Cyclin 
Dl,  VEGF,  integrin  a6,  or  MMP2  and  MMP9.  In  addition  we  were  unable  to  detect 
expression  of  MMP7  in  either  the  LNCaP  parental  line  or  LNCaP-  STAT3C  (data  not 
shown).  MMP  caseinase  and  gelatinase  activity  were  assessed  by  gel  zymography.  The 
results  are  shown  in  Figure  3.  We  were  unable  to  detect  caseinase  activity  in  either  cell 
line  (Fig.  3A)  and  there  was  no  difference  in  gelatinase  activity  (MMP2,  MMP9)  between 
the  two  lines. 

The  following  progress  was  made  in  support  of  Task  2a  and  b. 

Task  2:  Determine  whether  STAT3  activation  increases  invasiveness. 
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The  invasive  properties  of  the  two  cell  lines  were  compared  using  an  in  vitro  migration 
assay.  The  results  are  shown  in  Figure  4.  There  was  no  difference  in  migration  through 
matrigel  between  the  two  lines.  Review  of  the  preliminary  results  indicated  that 
overexpression  of  STAT3c  did  not  appear  to  confer  an  invasive  phenotype  on  the 
parental  LNCaP  cell.  Thus,  rather  than  progressing  to  part  b  of  Task  2  which  is  the 
assessment  of  the  invasive  properties  of  the  LNCaP-STAT3c  clone  in  vivo,  we  elected  to 
pursue  an  alternate  strategy. 

The  in  vitro  experiments  were  repeated  using  a  different  prostate  cancer  cell  line  that  was 
developed  at  MD  Anderson  Cancer  Center,  MDA  PCa  2b  (11).  The  vector  described 
above  was  used  to  transfect  the  cells  and  three  clones  were  obtained.  Initial 
characterization  of  the  clones  by  Western  blot  analysis  revealed  that  all  three  clones  were 
positive  for  the  Flag-tag  and  had  a  slight  increase  in  total  STAT3  protein.  Phosphorylated 
STAT3  was  slightly  detected  in  the  original  MDA  PCa  line  and  in  the  transfected  clones. 
Analysis  of  MMPs  2,  7,  and  9  revealed  an  increase  in  protein  expression  of  MMP2  but  no 
difference  in  the  level  of  MMP9.  We  were  unable  to  detect  expression  of  MMP7  in  any 
of  the  lines  (data  not  shown).  In  addition,  there  was  an  apparent  decrease  in  the  level  of 
E-cadherin  in  2  of  the  3  clones  (MDA  Pca-STAT3cl  and  2)  that  correlated  with  increased 
levels  of  MMP2.  We  are  in  the  process  of  completing  the  characterization  of  the 
phenotype  of  the  MDA  PCa-STAT3c  clones.  If,  as  expected,  transfection  of  the  MDA 
PCa  cell  line  confers  an  invasive  phenotype  then  this  line  will  be  used  to  examine 
whether  this  phenotype  is  maintained  in  vivo  as  described  in  Task  2a.b. 

The  objective  of  Task  2b  is  to  determine  whether  expression  of  probasin-STAT3c  in  the 
background  of  BK5.IGF-1  transgenic  mice  leads  to  higher  expression  levels  of  MMPs  in 
prostate  tissues  and  development  of  more  invasive  tumors.  For  the  first  part  of  this  task 
(2b. a.)  we  had  proposed  to  develop  double  transgenic  mice  that  were  hemizygous  for 
both  the  BK5.IGF-1  transgene  (+/-)  and  the  Pb.Stat3c  transgene  (+/-).  We  began  with  six 
sets  of  breeders,  each  consisting  of  a  BK5.IGF-1  transgenic  male  paired  to  a  Pb.Stat3C 
female.  To  date,  only  one  female  has  successfully  given  birth  and  each  litter  has  been 
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unexpectedly  small.  Although  the  breeding  colony  has  been  expanded  it  may  be  difficult 
to  produce  a  sufficient  number  of  the  expected  genotypes  to  accomplish  the  research 
goals  since  the  male  double  transgenic  animals  represent  ~  10%  of  the  total  number  of 
animals  born. 

Hence  we  have  employed  an  alternate  strategy.  We  have  available  in  our  facility  PTEN 
knockout  mice  on  an  ICR  background.  It  is  commonly  known  that  loss  of  one  PTEN 
allele  occurs  frequently  in  prostate  cancer,  taking  place  in  as  many  as  70-80%  of  primary 
tumors  (12-15)  and  homozygous  inactivation  of  PTEN  is  associated  with  advanced 
disease  and  metastasis  (16,  17).  The  tumor  suppressor  PTEN  is  a  negative  regulator  of 
signaling  through  the  IGF-1  receptor  by  inhibiting  the  capacity  of  PDK1  to  activate  AKT 
(18-20).  In  addition  it  has  been  shown,  at  least  in  tissues  other  than  the  prostate,  that  there 
are  a  downstream  link  between  mTOR  and  Stat3,  in  which  mTOR  is  required  for 
maximal  activation  of  STAT3.  Thus,  we  expect  that  the  loss  of  PTEN  may  enhance  the 
onset  of  tumor  development  compared  with  single  transgenic  and  it  is  hoped  that  the 
additional  perturbation  of  activated  STAT  via  the  Pb.STAT3c  transgene  will  enhance  the 
development  and  progression  of  prostate  tumors.  Breeding  has  begun  to  produce  male 
mice  hemizygous  for  the  Pb.STAT3c  transgene  and  the  PTEN  knockout  allele.  To  date 
there  appears  to  be  no  compromise  in  reproduction. 

As  part  of  Task  2b. c.  we  have  begun  the  initial  characterization  of  the  prostate  of  aged 
hemizygous  Pb.STAT3C  male  mice.  Necropsy  and  prostate  dissection  was  performed  on 
10  mice  that  ranged  in  age  from  6  to  7  months.  The  individual  lobes  were  harvested  and 
snapfrozen  for  biochemical  analysis  or  the  genitourinary  tract  was  removed  intact  and 
fixed  in  phosphate-buffered  formalin.  Representive  sections  of  the  preliminary  findings 
are  shown  in  Figure  6.  The  morphology  of  the  anterior  prostate  (AP)  was  essentially 
normal  and  consistent  with  the  morphology  observed  in  nontransgenic  males  of  the  same 
age.  The  glands  of  the  ventral  prostate  (VP)  were  predominantly  normal  in  appearance 
but  epithelial  hyperplasia  was  occasionally  observed.  Although  the  initial  sample  size  for 
histology  study  was  small  (n=4),  examination  of  the  dorsalateral  prostate  (DP)  revealed 
that  at  least  one  animal  presented  with  a  mix  of  atypical  epithelial  hyperplasia  and 
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cellular  changes  consistent  with  prostatic  intraepithelial  neoplasia  (PIN).  Further 

analyses  will  have  to  be  performed  to  confirm  the  prevalence  and  etiology  of  the  cellular 

alterations  in  the  DP. 


8 


Blando, Jorge 

The  role  of  Stat3  activation  during  prostate  cancer  progression 


W81XWH-06- 1-0045 


References: 

1.  Sano,  S.,  Itami,  S.,  Takeda,  K.,  Tarutani,  M.,  Yamaguchi,  Y.,  Miura,  H., 
Yoshikawa,  K.,  Akira,  S.,  and  Takeda,  J.  Keratinocyte- specific  ablation  of  Stat3 
exhibits  impaired  skin  remodeling,  but  does  not  affect  skin  morphogenesis.  Embo 
J,  18:  4657-4668,  1999. 

2.  Silver,  D.  L.  and  Montell,  D.  J.  Paracrine  signaling  through  the  JAK/STAT 
pathway  activates  invasive  behavior  of  ovarian  epithelial  cells  in  Drosophila.  Cell, 
107:  831-841,  2001. 

3.  Bromberg,  J.  F.,  Wrzeszczynska,  M.  H.,  Devgan,  G.,  Zhao,  Y.,  Pestell,  R.  G., 
Albanese,  C.,  and  Darnell,  J.  E.,  Jr.  Stat3  as  an  oncogene.  Cell,  98:  295-303, 

1999. 

4.  Xie,  T.  X.,  Wei,  D.,  Liu,  M.,  Gao,  A.  C.,  Ali-Osman,  F.,  Sawaya,  R.,  and  Huang, 

S.  Stat3  activation  regulates  the  expression  of  matrix  metalloproteinase- 2  and 
tumor  invasion  and  metastasis.  Oncogene,  23:  3550-3560,  2004. 

5.  Turkson,  J.  and  Jove,  R.  STAT  proteins:  novel  molecular  targets  for  cancer  drug 
discovery.  Oncogene,  19:  6613-6626,  2000. 

6.  Mora,  L.  B.,  Buettner,  R.,  Seigne,  J.,  Diaz,  J.,  Ahmad,  N.,  Garcia,  R.,  Bowman, 

T. ,  Falcone,  R.,  Fairclough,  R.,  Cantor,  A.,  Muro-Cacho,  C.,  Livingston,  S., 
Karras,  J.,  Pow-Sang,  J.,  and  Jove,  R.  Constitutive  activation  of  Stat3  in  human 
prostate  tumors  and  cell  lines:  direct  inhibition  of  Stat3  signaling  induces 
apoptosis  of  prostate  cancer  cells.  Cancer  Res,  62:  6659-6666,  2002. 

7.  Zeng,  H.,  Xiao,  Y.,  Lu,  G.,  and  Chen,  Y.  Immunohistochemical  studies  of  the 
expression  of  matrix  metalloproteinase- 2  and  metalloproteinase- 9  in  human 
prostate  cancer.  J  Huazhong  Univ  Sci  Technolog  Med  Sci,  23:  373-374,  379, 

2003. 

8.  Udayakumar,  T.  S.,  Chen,  M.  L.,  Bair,  E.  L.,  Von  Bredow,  D.  C.,  Cress,  A.  E., 
Nagle,  R.  B.,  and  Bowden,  G.  T.  Membrane  type- 1-matrix  metalloproteinase 
expressed  by  prostate  carcinoma  cells  cleaves  human  laminin-5  beta3  chain  and 
induces  cell  migration.  Cancer  Res,  63:  2292-2299,  2003. 

9.  Nagakawa,  O.,  Murakami,  K.,  Yamaura,  T.,  Fujiuchi,  Y.,  Murata,  J.,  Fuse,  H.,  and 
Saiki,  I.  Expression  of  membrane-type  1  matrix  metalloproteinase  (MT1-MMP) 
on  prostate  cancer  cell  lines.  Cancer  Lett,  155:  173-179,  2000. 

10.  Li,  L.,  Yang,  G.,  Ebara,  S.,  Satoh,  T.,  Nasu,  Y.,  Timme,  T.  L.,  Ren,  C.,  Wang,  J., 
Tahir,  S.  A.,  and  Thompson,  T.  C.  Caveolin-1  mediates  testosterone-stimulated 
survival/clonal  growth  and  promotes  metastatic  activities  in  prostate  cancer  cells. 
Cancer  Res,  61:  4386-4392,  2001. 

11.  Navone,  N.  M.,  Olive,  M.,  Ozen,  M.,  Davis,  R.,  Troncoso,  P.,  Tu,  S.  M., 

Johnston,  D.,  Pollack,  A.,  Pathak,  S.,  von  Eschenbach,  A.  C.,  and  Logothetis,  C.  J. 
Establishment  of  two  human  prostate  cancer  cell  lines  derived  from  a  single  bone 
metastasis.  Clin  Cancer  Res,  3:  2493-2500,  1997. 

12.  Wu,  X.,  Senechal,  K.,  Neshat,  M.  S.,  Whang,  Y.  E.,  and  Sawyers,  C.  L.  The 
PTEN/MMAC1  tumor  suppressor  phosphatase  functions  as  a  negative  regulator 
of  the  phosphoinositide  3-kinase/ Akt  pathway.  Proc  Natl  Acad  Sci  USA,  95: 
15587-15591,  1998. 


9 


Blando, Jorge 

The  role  of  Stat3  activation  during  prostate  cancer  progression 


W81XWH-06- 1-0045 


13.  Gray,  I.  C.,  Stewart,  L.  M.,  Phillips,  S.  M.,  Hamilton,  J.  A.,  Gray,  N.  E.,  Watson, 
G.  J.,  Spurr,  N.  K.,  and  Snary,  D.  Mutation  and  expression  analysis  of  the  putative 
prostate  tumour-suppressor  gene  PTEN.  Br  J  Cancer,  78:  1296-1300,  1998. 

14.  Cairns,  P.,  Okami,  K.,  Halachmi,  S.,  Halachmi,  N.,  Esteller,  M.,  Herman,  J.  G., 
Jen,  J.,  Isaacs,  W.  B.,  Bova,  G.  S.,  and  Sidransky,  D.  Frequent  inactivation  of 
PTEN/MMAC1  in  primary  prostate  cancer.  Cancer  Res,  57:  4997-5000,  1997. 

15.  Suzuki,  H.,  Freije,  D.,  Nusskern,  D.  R.,  Okami,  K.,  Cairns,  P.,  Sidransky,  D., 
Isaacs,  W.  B.,  and  Bova,  G.  S.  Interfocal  heterogeneity  of  PTEN/MMAC1  gene 
alterations  in  multiple  metastatic  prostate  cancer  tissues.  Cancer  Res,  58:  204- 
209,  1998. 

16.  Cantley,  L.  C.  and  Neel,  B.  G.  New  insights  into  tumor  suppression:  PTEN 
suppresses  tumor  formation  by  restraining  the  phosphoinositide  3-kinase/ AKT 
pathway.  Proc  Natl  Acad  Sci  USA,  96:  4240-4245,  1999. 

17.  Di  Cristofano,  A.  and  Pandolfi,  P.  P.  The  multiple  roles  of  PTEN  in  tumor 
suppression.  Cell,  100:  387-390,  2000. 

18.  Cully,  M.,  You,  H.,  Levine,  A.  J.,  and  Mak,  T.  W.  Beyond  PTEN  mutations:  the 
PI3K  pathway  as  an  integrator  of  multiple  inputs  during  tumorigenesis.  Nat  Rev 
Cancer,  6:  184-192,  2006. 

19.  Sulis,  M.  L.  and  Parsons,  R.  PTEN:  from  pathology  to  biology.  Trends  Cell  Biol, 
13:  478-483,  2003. 

20.  Eng,  C.  PTEN:  one  gene,  many  syndromes.  Hum  Mutat,  22:  183-198,  2003. 


10 


Blando, Jorge 

The  role  of  Stat3  activation  during  prostate  cancer  progression 


W81XWH-06- 1-0045 


Legends  and  Figures: 

Figure  1.  Western  blot  analysis  of  the  parental  LnCaP  cell  line  and  LnCaP  -Stat3C 
transfected  clones  (from  LnCaP  Stat3C  1  to  5).  Protein  lysates  were  prepared  from 
cultured  cells  and  analysed  with  antibodies  against  (A)  the  Flag-tag  and  (B)  total  STAT3. 

Figure  2.  Analysis  of  protein  expression  by  western  blot  using  antibodies  against  the 
Flag-tag,  MMP2,  MMP9,  Cyclin  Dl,  Integrin  oc-6,  and  VEGF  (vascular  endothelial 
growth  factor)  in  the  LnCaP  cell  line  and  the  LnCaP  -Stat3C  clone. 

Ligure  3.  Zymography  gel  assay  for  casinase  (3-A)  and  gelatinase  (3-B)  activity  in  both 
the  parental  LnCaP  cell  line  and  the  LnCaP  -Stat3C  clone.  Lysates  were  prepared  from 
cultured  cells,  separated  by  SDS-PAGE  gels  containing  either  casein  or  gelatin  and 
analysed  for  activity  after  removal  of  SDS. 

Ligure  4.  In  vitro  migration  assay  through  Matrigel  membrane  matrix.  Assay  was 
performed  under  two  different  Matrigel  concentration  (lOug  and  50  ug)  for  both  lines, 
LnCaP  and  LnCaP  -Stat3C  clone. 


Ligure  5.  Western  blot  analysis  of  MDA  PCa  2b  cells  and  Stat3C-transfected  clones 
(MDA  PCa  2b-Stat3C  1  to  3).  Protein  lysates  were  prepared  from  cultured  cells  and 
analysed  with  antibodies  against  the  Llag-tag,  total  Stat3,  phospho-Stat3,  MMP2,  MMP9, 
and  Cyclin  Dl,  e-cadherin) 

Ligure  6.  Histopathology  of  hemizygous  Pb.STAT3c  transgenic  male  mice  ranging  in 
age  from  6  to  7  months.  (A)  Section  of  anterior  prostate  (AP)  and  seminal  vesicle  (SV). 
Note  the  defined  single  stratum  of  luminal  epithelial  cells  with  normal  recurrent  mucosal 
folds  projecting  into  the  gland  characteristic  of  the  normal  AP.  No  structural  or  cellular 
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atypia  is  evident.  (B)  View  of  normal  entral  prostate  lobe  (VP)  with  characteristic  flat 
luminal  edges  and  focal  tufting.  (C)  Section  of  VP  lobe  with  areas  of  hyperplasia;  note 
the  increase  in  epithelial  tufting,  but  the  otherwise  normal  appearance  of  the  cells.  (D) 
Section  fo  normal  Dorsalateral  prostate  (DP)  lobe;  note  normal  glands  lined  by  simple 
columnar  epithelium  with  moderate  degree  of  infolding.  (E)  Section  of  DP  with  prostate 
intraepithelial  neoplasia  (PIN).  Luminal  epithelial  cells  show  a  cribriform  growth  and  the 
formation  of  many  intra  luminal  small  glands  is  evident.  (F)  Magnification  of  section 
designated  by  arrow  in  (E)  showing  cellular  atypia,  the  presence  of  kariomegalia, 
kariocytomegalia,  nuclear  atypia,  and  cells  with  the  presence  of  one  or  more  prominent 
nucleoli.  All  sections  were  stained  by  hemotoxylin  and  eosin.  Magnification  of  A,B  is 
4X,  magnification  of  C-E  is  10X,  magnification  of  F  is  20X. 
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Figure  1 
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Figure  3 
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